" Air flow intensity is analyzed and determined the best aeration condition for phytase production. " Agitation was inefficient to help to remove CO 2 and metabolic heat. " Respirometric quotient (RQ) was established during the fermentation and kinetics parameters of were calculated. " Metabolic heat evolution was described along the fermentation. " Patterns of biomass and phytase production were similar at both scales. as it removed the metabolic heat generated by the microorganism, Agitation did not improve heat removal. Airflow intensity was considered as scale-up criterion. When the airflow intensity was maintained at 1 VkgM for SSF with 2 and 20 kg of medium, the kinetics parameters for biomass and enzyme concentration at the end of fermentation differed by less than 2. The air flow intensity was required to maintain the temperature and cool the SSF and to provide oxygen for microbial growth. Air flow intensity is a key a factor that must be considered when scale-up of SSF is attempted.
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Phytase production by Aspergillus niger F3 by solid state fermentation (SSF) on citrus peel was evaluated at pilot scale under different aeration conditions. The best airflow intensity was 1 VkgM (Lair kg medium À1 min
À1
), which allowed to produce 65 units of phytases per gram in dry basis (65 Ug À1 d.b.)
as it removed the metabolic heat generated by the microorganism, Agitation did not improve heat removal. Airflow intensity was considered as scale-up criterion. When the airflow intensity was maintained at 1 VkgM for SSF with 2 and 20 kg of medium, the kinetics parameters for biomass and enzyme concentration at the end of fermentation differed by less than 2. The air flow intensity was required to maintain the temperature and cool the SSF and to provide oxygen for microbial growth. Air flow intensity is a key a factor that must be considered when scale-up of SSF is attempted. Ó 2012 Elsevier Ltd. All rights reserved.
Introduction
Although the production of phytases by solid-state fermentation (SSF) has been intensively studied (Singh and Satyanarayana, 2011; Mamma et al., 2008; Pandey et al., 2001 ), kinetic models useful for scale-up to semi-industrial or industrial applications are not existing (Bhargav et al., 2008) . Several models for describing scale-up of submerged fermentation (SF) are available and these highlight three different phenomena of great importance: thermodynamics, transport phenomena and kinetics (Junker, 2004) . The oxygen transfer rate (K L a) is one of the most important factors in SF, because O 2 has to be dissolved in the liquid phase before it is available to the cells. In the case of SSF, the oxygen physiological demand does not present difficulties when compared to SF, but SSF demands higher levels of aeration due to the requirement for efficient heat exchange.
Microbial growth during aerobic SSF is calculated relating the O 2 consumed and the CO 2 produced Rodríguez-León et al. (1988) , Sato et al. (1983) :
Solving the former equation by the Trapeze rule:
Being:
where Y x/o : yield of biomass based on O 2 consumed (g biomass produced/g O 2 consumed); m: maintenance coefficient (g O 2 consumed/g biomass produced h); Dt: time interval considered (h).
